Neospora is a recently discovered protozoan that may cause bovine protozoal abortion (BPA) in cows and encephalomyelitis in congenitally infected calves. 6 An indirect fluorescent antibody (IFA) test has been described for diagnosing Neospora sp. infection in cattle. 5 We report here results using the IFA test on peritoneal and pleural fluids from aborted fetuses, precolostral calf sera, and selected adult cattle.
alytic grade methanol at 4 C. Positive control sera were from an experimentally infected beef cow b and from a naturally infected dairy cow 30 days after she aborted a confirmed Neospora sp.-infected fetus. Negative control serum was from a beef cow b that had never aborted and that originated from a herd where BPA had never been diagnosed, despite intensive diagnostic monitoring. Evans blue was added to the fluorescein-labeled rabbit anti-bovine IgG heavy-light chain conjugate c diluted in phosphate-buffered saline PBS. Slides were examined by fluorescence microscopy at 400x, and the end point titer was the last serum dilution with complete tachyzoite peripheral fluorescence.
One of 2 patterns of fluorescence typically was observed. Titers were classified as nonapical if only the periphery of the tachyzoite fluoresced ( Fig. 1A ) and as apical if the apex fluoresced, regardless of tachyzoite peripheral fluorescence ( Fig. 1B, 1C ). The basis for the distinction between apical and nonapical fluorescence was the potential for cross-reactions between Neospora sp. and other protozoa of the Apicomplexa (Eimeria sp., Cryptosporidia sp., Sarcocystis sp., and Toxoplasma gondii). 1, [3] [4] [5] 8 The IFA test was used to evaluate fetal fluids of secondand third-trimester fetuses as a complementary diagnostic test for BPA. Peritoneal and pleural fluids of either histologically suspected or immunoperoxidase-confirmed cases of BPA had only nonapical IFA titers (≥ 1:320, n = 6), whereas aborted fetuses from other or undetermined causes had no detectable titer (n = 7). These results suggest that use of IFA tests on fetal fluids could increase the diagnosis rate for Neospora sp. in cases where the fetus is immunologically mature enough to produce a detectable immune response. Incorporation of IFA testing of fetal fluids into abortion diagnosis protocols should improve overall detection rate for BPA, as compared with the low rate anticipated with immunohistochemistry when few organisms are present. 1, 7 A total of 217 precolostral serum samples from 2 dairies were tested to characterize titer distribution of newborn calves. The distribution of precolostral titers ( Fig. 2 ) was clustered at each end of the range, showing a clear separation of seropositive and seronegative calves. Few titers (13%) presented an apical (nonspecific) pattern. The IFA test, therefore, was considered useful in detecting congenital infection, bearing in mind that sensitivity of the test for precolostral samples may be affected by a minimal seroconversion to Neospora sp. by some fetuses.
Of the 217 calves sampled precolostrally, 189 of the dams were sampled at calving to characterize the association between dam and calf titer at birth. Regression of the logarith- mic transformation of cow and calf titers generated a coefficient of determination (R 2 ) of 0.32, indicating that only 32% of the variation in precolostral titer was explained by variation in dam titer. Using the precolostral titer as true positive, and a conservative 1:640 cutoff point, sensitivity of the test for the cows was estimated to be only 76.5%; only 52 of the 68 cows that gave birth to congenitally infected calves had titers ≥ 1:640 ( Table 1) . Four of the 16 seronegative cows were retested 1 month after calving. Of the 4, only 1 had a significant IFA titer increase (5-fold), suggesting that the low titers at calving were probably not entirely attributable to transfer of maternal antibodies from serum into colostrum.
To characterize titer distribution in adult cattle, a total of 541 cow serum samples from 2 dairies and 2 beef herds were tested. The sample population included all adult cows from 1 dairy and 1 beef herd and a convenience subpopulation of cows from the other 2 herds. Abortion history was not known for any of the cows at the time of sampling. Two bell-shaped IFA titer distributions were observed ( Fig. 3) , one for each fluorescence pattern. The distribution overlapped considerably for serum dilutions of 1:160 to 1:640. Titers with apical fluorescence in the overlap range were not readily interpretable because a nonspecific apical fluorescence was seen with a specific peripheral fluorescence (Fig. 1B) . Sera displaying significant titers with fluorescence at both the apex and periphery of the tachyzoite presumably contained antibodies to Neospora sp. as well as to cross-reactive Apicomplexa protozoa. For titers within the overlap dilution range (1:160 to 1:640), fluorescence pattern classification did not appear sufficient to discriminate between true positives and false positives. Thirty-three cows (6% of cattle tested) had titers greater than 1:5,120, suggesting that very high titers may be more common in naturally exposed cattle than previously reported. 2, 5 Although IFA cutoff titers between 1:160 and 1:1,280 have been suggested, 2, 5, 9 difficulties in identifying true positive and true negative animals preclude determination of an appropriate cutoff point. Furthermore, depending on the sensitivity and specificity desired, a conservative 1:640 or a liberal 1:160 cutoff may be used. Maximum specificity, and minimum sensitivity, would be expected when titers with only nonapical fluorescence are considered positive. The cyst-forming apicomplexan parasite Toxoplasma gondii infects a broad spectrum of vertebrates. Domestic and feral cats are the definitive hosts but other animals including humans can be infected by ingestion of oocysts or tissue cysts. Overwhelming infections, especially in an immunosuppressed or immunologically naive animal, may be fatal. Diagnosis can be difficult, especially because infection by other cyst-forming protozoa may have similar clinical and diagnostic features.
Specificity of polymerase chain reaction identification of Toxoplasma gondii infection in paraffin-embedded animal tissues
Techniques employed for the diagnosis of toxoplasmosis include serology, parasite incubation, immunohistochemistry, and light and electron microscopy. Serology may be inadequate if the host is immunosuppressed, and maternal antibodies may interfere in testing neonates. Commercially available agglutination tests vary in their sensitivity and ability to detect chronic infections. 5 Antigen detection is not 100% accurate because interspecies antigen cross-reactivity has been observed, and tissue culture and mouse inoculation, although specific, are time consuming and potentially expose researchers to a Zoonotic. 4, 11, 13 Histologic diagnosis is most reliable when the organisms are present in encysted form, and even then discrimination from related protozoa such as Neospora caninum may be difficult. The T. gondii tachyzoite is morphologically identical to that of other apicomplexan parasites, including many Zoonotic species. In humans, presumptive diagnosis of T. gondii infection is made from typical alterations in lymph node architecture. 6 No pathognomonic histologic pattern occurs in animal tissues making differentiation by light microscopy between T. gondii and other cyst-forming protozoan parasites, such as Sarcocystis, Besnoitia, Frenkelia, Balantidia, and Neospora, difficult. Application of the polymerase chain reaction (PCR) technique has accurately and quickly detected T. gondii in a variety of different clinical specimens, including formalinfixed, paraffin-embedded tissue. 8,11-18 Although PCR techniques have much greater sensitivity when assaying fresh rather than preserved tissue, serial dilution studies demonstrated a high degree of sensitivity for T. gondii in paraffinembedded tissues. 1 PCR-based Toxoplasma assays utilize either the gene encoding the major surface antigen P30, present in 1 copy/organism, or the highly conserved repetitive B1 gene (a gene specific to T. gondii that encodes an unknown serum reactive protein). Approximately 35 copies of the B1 gene are present in the T. gondii genome, but this gene is absent in mammalian cells. 1, 2 Previous studies have shown
